Background: Pressure ulcers are a common, painful and costly condition. Results of a 1991 study into the knowledge among Dutch hospital nurses on the usefulness of measures to prevent pressure ulcers showed moderate knowledge. Results were confirmed by subsequent studies. In recent years, Dutch guidelines have been updated and the attention given to pressure ulcer care has been increased. This was expected to improve pressure ulcer care and to increase nurses' knowledge. The aims of the current study were to investigate (1) how much nurses employed in Dutch hospitals know about the usefulness of 28 preventive measures considered in the most recent national pressure ulcer guideline; (2) whether differences in knowledge exist between nurses working in hospitals that audit pressure ulcers and those employed in hospitals that do not; and (3) to study whether knowledge among Dutch hospital nurses regarding the usefulness of preventive measures had changed between 1991 and 2003.
Background
Pressure ulcers are a common problem in health care and represent a significant burden on patients, their relatives and caregivers [1, 2] . Annual national prevalence surveys, conducted since 1998, indicate that an average of 18.1% of the patients in hospitals in the Netherlands suffer from pressure ulcers [3, 4] . Recent studies conducted in Europe, the United States, Canada and Australia have provided estimates of pressure ulcer prevalence in hospitals ranging from 8.3% to 25.1% [5] [6] [7] [8] [9] . The costs of prevention and treatment of pressure ulcers are considerable [10, 11] . Estimations for 1998 revealed that more than 1% of the health care budget in the Netherlands was spent on pressure ulcer care. Hence, prevention and proper treatment deserve greater attention [11] .
Various preventive measures are being used in nursing practice [1, 12] . To address the prevention and treatment of pressure ulcers in a more systematic way, a set of national guidelines based on expert opinions was developed in 1985, and revised in 1992, by the Dutch Institute for Health Care Improvement (CBO) [13, 14] . Despite nurses' positive attitudes towards pressure ulcer prevention [15] , various studies have revealed a gap between theory and practice [1, 16, 17] .
In 1991, Eggink investigated this gap between theory and practice by assessing nurses' knowledge of the 1985 Dutch national guidelines [18, 19] . Although knowledge among health care staff is in itself not enough to ensure implementation of guidelines, it is a prerequisite, along with insight and skills, for the implementation process [20] . The results of the study by Eggink [18] confirmed earlier research revealing that the usefulness of the preventive measures considered in the 1985 national pressure ulcer guideline was insufficiently known among nurses employed in Dutch hospitals. Preventive measures that were not evidence-based were nevertheless still being applied, and sometimes interventions that are known to be useful to prevent pressure ulcers were withheld from patients who needed them. Various other studies have confirmed the lack of knowledge about pressure ulcer prevention. Pieper and Mott [21] showed that registered nurses had insufficient knowledge about pressure ulcers, and Panagiotopoulou and Kerr [22] showed that nurses' average level of agreement with expert opinion regarding the value of preventive measures was a mere 50%. Despite the publication of research findings that support the importance of using evidence-based guidelines, studies have found that guidelines are frequently not implemented and nurses' performance is often based on intuition, experience or habit [23] [24] [25] .
Because the 1985 and 1992 national guidelines were based on expert opinions rather than evidence, there has been a growing debate about the usefulness of preventive measures. In 2002, a new national set of guidelines was published, based on evidence and expert opinions [12] .
Increased consideration is currently being given to pressure ulcers in the Netherlands, as a result of the development of updated pressure ulcer guidelines, publications in professional journals, increased involvement of nurse specialists for pressure ulcers and the implementation of the Annual National Prevalence Pressure Ulcer Surveys [3, 4] . In addition, Halfens et al. [26] showed that participation in the Annual Prevalence Surveys resulted in organizations engaging in activities to improve the prevention and treatment of pressure ulcers. Bours et al. [27] described the positive effect of monitoring pressure ulcers each year and giving feedback to hospitals on the use of effective preventive interventions.
These developments might be expected to have resulted in health care institutions and nurses being familiar with the value of preventive measures. In this study, we investigated the development of nurses' knowledge in this respect, to assess whether it has changed over time and whether being employed in an organization that is auditing pressure ulcer prevalence influences nurses' knowledge. The following research questions were formulated: 
Methods

Design
A cross-sectional design was used to assess nurses' knowledge in 2003. The subjects were nurses employed in Dutch hospitals. The difference between nurses' knowledge about preventive measures in 2003 and 1991 was assessed by combining the database of the 2003 study with that of a comparable study conducted in 1991 [18, 19] .
Population sample and procedure
The 2003 survey population consisted of 2 samples. Sample 1 (referred to as Non-NPS) was derived from the mailing list of the 976 subscribers to the Dutch professional journal Verpleegkunde Nieuws ('Nursing News'), who were receiving the journal at their home address. This mailing list covered 10% of the nurses in the Netherlands. Nurses were approached by letter, asking them to fill in a questionnaire. Sample 2 (referred to as NPS) was obtained by randomly contacting 23 of the 48 hospitals that participated in the 2003 National Prevalence Survey (NPS). Contact persons of these hospitals were requested to each approach five nurses from five departments in their institutions and ask them to complete the questionnaire. This sample was recruited two months after the 2003 NPS. In view of the impact of the NPS (in terms of e.g. preparations, actual measurements and involvement of nurses) on participating departments and staff, it was expected that the nurses from the institutions participating in the NPS would have greater knowledge about pressure ulcer prevention and therefore differ from the nurses in sample 1.
Nurses from both samples received an accompanying letter with information about the study and an explanation of the method.
The 1991 study [18, 19] also used a random sample from the subscribers to Verpleegkunde Nieuws (which was at that time distributed to nurses free of charge) who were employed by hospitals. At that time, the journal's mailing list covered 80% of the nurses in the Netherlands. Nurses were approached by mail to complete the questionnaire.
Both in 1991 and in 2003, the inclusion criteria for participation were that respondents (1) had to be qualified nurses; (2) had to be employed by a university hospital or general hospital in the Netherlands; (3) had to be directly involved in patient care; (4) had to have answered more than 10% of the questions regarding the preventive measures. Since two samples were drawn in 2003, it was possible that some nurses received the questionnaire twice. To avoid misclassification, respondents were excluded if they answered the question 'Have you received and returned this questionnaire before?' affirmatively. The 2003 questionnaire was based on the questionnaire used in the 1991 study and adapted to include the measures mentioned in the 2002 national Guideline on Pressure Ulcers [12] . This guideline classified preventive measures into two categories. The first category includes 15 measures that are useful to prevent pressure ulcers for all patients at risk, such as repositioning patients every 3 hours. The second category comprises 13 measures that are not useful to prevent pressure ulcers, such as using a sheepskin. Useful and non-useful measures are labelled as recommended and non-recommended interventions for preventing pressure ulcers, respectively. All of these measures, plus the measures that were included in the 1991 questionnaire but not in the 2002 guideline, were included in the 2003 questionnaire (see table 2 ). In all, the questionnaire asked nurses to evaluate 28 measures (15 useful and 13 not useful) in terms of their being 'useful', 'sometimes useful', 'not useful' or 'don't know'.
Questionnaires
Although the 1991 questionnaire (PUQ-1991) was comparable, this questionnaire was based on the 1985 Consensus on Pressure Sore Prevention. In contrast to the 2002 guideline, the 1985 version distinguished three categories: useful (9 preventive measures), sometimes useful (11 measures) and non-useful (7 measures). After some demographic questions, the 1991 questionnaire asked nurses to evaluate these 27 measures in terms of their being 'useful', 'sometimes useful', 'not useful' or 'don't know'.
Analysis
Descriptive statistics were used to assess the nurses' knowledge about the usefulness of preventive measures in 2003.
To compare the knowledge between groups (nurses employed in institutions participating in the National Prevalence Survey (NPS) versus nurses employed in nonparticipating institutions (Non-NPS) and 1991 versus 2003), answers were recoded as 'judged correctly' or 'judged incorrectly'. Nurses were said to have judged a measure correctly if their judgement corresponded with the recommendations in the guidelines that were in force at the time. Differences in knowledge about the usefulness of each individual measure were examined by Chisquared tests. Fisher exact tests were used if expected cell counts were less than 5.
The differences in knowledge about all measures of each category (useful and not useful) together were examined by means of t-tests for the mean scores for each category. In view of the difference in the number of measures tested in 2003 and 1991, overall scores were made comparable on a 15-point and a 13-point scale respectively, to test whether the overall knowledge about these measures differed between the groups.
Having sufficient knowledge was defined as correctly judging 70% or more of the measures in each category (useful and not useful). Two-sided Chi-square tests were used to compare the two groups as regards the percentage of nurses having sufficient knowledge.
Logistic regression analyses for the categories 'useful' and 'not useful' were used to examine which factors determined any significant differences found between the 2003 and 1991 groups as regards having sufficient knowledge. The analysis included age, work experience, educational level, work setting and 'being a respondent in 1991 or 2003'. For specification of the demographic variables, see table 1.
In order to investigate whether the classification of the nurses' answers to PUQ-2003 corresponded to the classification that was expected in terms of the categories of usefulness used in the 2002 national guideline (i.e., useful and not useful), Principal Factors Analyses (PFA) with Varimax rotation was applied to the dichotomized variables. The Cattell scree test was used to examine the number of factors that reflect the underlying structure of the questionnaire. Subsequently, the percentage of explained variance of the rotated model was calculated for the solution derived from the Cattell scree test and the expected solution. If items did not load (i.e. < 0.2) on any factor, we concluded that the usefulness of these measures was not or only moderately known among the research population.
Data were analysed using SPSS 12.01 for Windows. In view of the risk of type I errors, differences in all analyses were considered significant at alpha ≤ 0.01.
Results
Response rate
The 2003 questionnaire was sent to 1626 nurses. This sample consisted of 976 nurses, employed in various settings, who had been selected on the basis of their subscription to the Dutch professional nursing journal Verpleegkunde Nieuws (this sample being referred to below as Non-NPS) and 750 nurses selected because they were employed by hospitals that participated in the 2003 Annual National Prevalence Survey (referred to as NPS) [3] . After 12 weeks, 729 questionnaires had been returned (44.8%), 97 of which had not (24) or only partially (55) been completed. In the end, 650 questionnaires remained (39.9%), 522 of which (32.1%) were used for the analyses because they met the inclusion criteria (14.5% of the Non-NPS sample and 50.7% of the NPS sample). The main reason for excluding questionnaires were that respondents were not involved in patient care, were not working in a hospital or had completed less than 90% of the questions on knowledge about preventive measures. None of the nurses who completed and returned the ques- Compared to 1991, the 2003 sample included older nurses and more registered nurses, as well as more nurses who were employed in a general hospital. Nurses in 2003 were also more experienced. The characteristics of the NPS and non-NPS samples only differed significantly as regards work experience (p = 0.001), with more experienced nurses in the NPS group. were marked as useful. Compared to the useful measures, the nurses in the 2003 sample were less aware of the nonuseful preventive measures: nurses judged an average of 4.2 of these 13 measures as not useful. A considerable percentage of the nurses regarded various non-useful preventive measures as sometimes useful. And although the guidelines recommend not using '90-degree side to side turn' and 'reactivation and mobilisation by paramedics', the majority of the nurses evaluated these as useful.
Knowledge in 2003
Comparison between the NPS and Non-NPS groups
Chi-square tests indicated that the knowledge about the usefulness of individual measures was comparable between the NPS and Non-NPS groups (see table 3 ). Only the differences in the correct judgement of 'using ice compresses' and 'using warm compresses' were nearly significant, with nurses in the NPS group more likely to judge these measures correctly (p = 0.034 and p = 0.039, respectively).
T-tests for the mean number of correctly judged measures indicated that the overall score was comparable between the two groups (10.6 versus 10.5 useful and 4.3 versus 3.9 not useful). Comparable results were obtained when comparing the two groups in terms of the percentage of nurses having sufficient knowledge (i.e. judging ≥ 70.0% of the measures in each category correctly; p = 0.15 for the useful measures category and p = 0.54 for the non-useful measures category).
Comparison of knowledge in 2003 and 1991
Chi-square tests for dichotomized measures ('judged correctly' and 'judged incorrectly') indicated that in 2003, nurses were more likely to evaluate the measures in line with the guideline in force at the time than in 1991 (see Since the 2003 and 1991 samples differed in their characteristics, multivariate logistic regression analyses were conducted to find factors that could explain the significant differences in the percentage of nurses having sufficient knowledge (in the sense of having judged ≥ 70% of the measures correctly), for each category of variables.
Results show that the differences in these two categories do not seem to have been influenced by demographic characteristics, only by belonging to a particular group. Nurses involved in the 2003 survey were 67.0% more likely to have sufficient knowledge about the category of useful measures than the nurses in the 1991 study (Exp(B) = 1.670l; p < 0.00; 95% C.I. = 1.269-2.197). Apparently, their level of up-to-date knowledge was higher than that of the nurses in the 1991 study. Regarding the category of non-useful measures, the opposite was found: nurses in 1991 were better informed about the value of these measures (Exp(B) = 0.059, p = 0.007; 95% C.I. = 0.008-0.462).
Confirmatory analysis
The recommendations in the 2002 Guideline on Pressure Ulcers are divided into useful and non-useful preventive measures. To assess whether the nurses' knowledge in 2003 made the same distinction, we used Principal Factor Analysis with a two-factor solution. The solution explained 13.1% of the variance. A scree plot and an analysis with a three-factor solution confirmed the adequacy of this solution. Although a solution with three factors explained more variance of the model (Eigenvalues: 2.133; 1.521; 0.889), the extra factor only explained a small part (see table 4 ). Therefore, we opted for the twofactor solution. Table 4 shows that nurses made a distinction comparable to that used in the guideline, with factor 1 apparently closely associated with the non-useful preventive measures and factor 2 with the useful measures. Five measures did not load on any factor. This is confirmed by the results in table 2. 'Using viscoelastic mattresses' and 'smearing the skin to prevent dehydration' were judged correctly by 35.0% and 36.1% of the nurses, respectively, and the majority of the nurses evaluated 'using a cradle' as sometimes useful. And 'using a 90-degree side to side turn' and 'reactivation and mobilisation by paramedics' were considered useful to prevent pressure ulcers. Apparently, there were differences of opinion between nurses about the value of these five measures.
Discussion
The present study used a cross-sectional design to examine current knowledge among nurses regarding the usefulness of measures to prevent pressure ulcers. In addition, a comparative design was used to assess whether nurses' knowledge had changed between 1991 and 2003. Secondary analyses were conducted to test whether nurses' knowledge about the usefulness of preventive measures used the same classification as that used in the national guideline.
The results of the present study show that the knowledge among nurses employed in Dutch hospitals about the usefulness of preventive measures mentioned in the national Guideline on Pressure Ulcers [12] is moderate. Knowledge about non-useful measures in particular seems to be poorly disseminated, whereas useful measures are better known among nurses. In addition, we found that being employed in a hospital that monitors pressure ulcers annually does not lead to better knowledge about preventive measures.
Comparing our results with a similar study conducted in 1991 [18, ized themselves with the updated guidelines or had not received up-to-date information about pressure ulcer prevention.
We used a 70% cut-off point (i.e. judging 70% of the measures correctly) to identify nurses having sufficient knowledge, which could be regarded as mild. Even at this cut-off level, however, only a small number of nurses met the criterion. A higher cut-off point, making the criterion stricter, would have led to even more nurses being labelled as not having sufficient knowledge. Nevertheless, the results obtained with the current cut-off point give some indication of the level of knowledge.
Apparently, the efforts to disseminate knowledge about the prevention of pressure ulcers have not led to major improvements in knowledge. Although it might be thought that the difference in the percentage of nurses with sufficient knowledge could be explained by demographic differences between the 2003 and 1991 study populations, logistic regression analyses showed that none of the demographic variables had a significant influence.
Our figures may even overestimate the nurses' actual knowledge. It is known that postal surveys are susceptible to positive selection bias [28, 29] , and respondents tend to differ from the underlying population [30] . In view of the response rate and composition of the sample in the 2003 study and the difference in availability and coverage of the Verpleegkunde Nieuws professional journal between 1991 and 2003, it seems likely that it was especially the more interested nurses who responded in the 2003 study, which may have resulted in a biased impression of the knowledge of nurses in general. The average actual knowledge among all nurses is therefore probably poorer. Nevertheless, the results give some idea of the knowledge among nurses employed in hospitals.
To avoid misclassification of the two 2003 samples (NPS and Non-NPS), the questionnaire also asked 'Have you received and returned this questionnaire before?'. However, because of the method used to recruit nurses for the NPS sample (asking contact persons of a random selection of NPS hospitals to each approach five nurses from five departments in their institutions), it is possible that nurses from the Non-NPS sample (recruited through their subscriptions to a professional journal) were also working in an NPS hospital but were not selected by the contact person. These nurses are expected to be better informed about pressure ulcer care than Non-NPS nurses who are not working in an NPS hospital. This means that the results of the Non-NPS sample may be biased, in that these nurses' knowledge may have been overestimated. However, in view of the small coverage of the Verpleeg- Apparently, the preventive measures recommended in the guidelines are not very well known among nurses. Pressure ulcer prevention guidelines rarely seem to be based on scientific evidence, but rather on expert opinion. Moreover, the dissemination of knowledge among nurses is also influenced by the known barriers to the use of guidelines, like lack of staff and time [15] , and probably by the quality of the guidelines. For instance, measures such as 'using a cradle' and 'reactivation and mobilisation by paramedics' are not clearly classified as non-useful by the 2002 Dutch Guideline on Pressure Ulcers. Although experts consider them not useful, they acknowledge that they may be useful in some cases. [38] studied which strategy would be best to effectively implement pressure ulcer guidelines. They concluded that implementing these guidelines demands a comprehensive approach. To increase nurses' knowledge about prevention of pressure ulcers, guidelines should be implemented in a systematic and meticulous way. Constant attention to prevention remains essential. In the Netherlands, the government has taken an important step by considering the presence of pressure ulcers as a quality indicator of care. With adequate policy and management, awareness among health care organizations of the need to reduce the prevalence of pressure ulcers will hopefully affect the level of awareness among their staff. However, based on the present study and the research by Buss et al.
[23], which found that nurses do not seem to have the intention to change their preventive actions, we recommend further research to study which tailored approach would help change nurses' knowledge, beliefs and performance regarding pressure ulcer prevention. Potentially useful interventions in this respect include education and refresher courses for nurses in the context of a comprehensive approach.
Conclusion
In conclusion, Dutch hospital nurses' knowledge regarding the usefulness of measures to prevent pressure ulcers seems to be moderate. Being employed in an organization that monitors pressure ulcer care hardly affects this knowledge. Besides, knowledge about prevention has not improved over time. Apparently, activities undertaken to reduce the prevalence of pressure ulcers have had little or no effect on nurses' knowledge. Adequate dissemination of pressure ulcer prevention guidelines seems a prerequisite to improving the quality of pressure ulcer prevention.
